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« WQ Module Design Strategy
 Gray to Green — PK Avenue (Auburndale, FL)

v" Rain Garden / Bioswale

v" Pervious Parking with Underground Storage
v" Putting the Pieces Together

v Cumulative Removal Efficiencies

v Don’t Forget the Hydraulics

e Summary
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Watershed Approach

Water Quality Fully Integrated with H&H
v Event Mean Concentrations Applied to Distributed Hydrology
v Mass Balance at Nodes
v" Pollutants Transferred via Links
v Removal Efficiencies can be Specified at any Basin, Node or Link
v" Percolation can be used to Remove Pollutants
Continuous Simulations Required (must have ICPR Expert)
Multiple Constituents Analyzed Simultaneously

Initial, Irreducible & Boundary WQ Included
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WQ Module Design =5 STREAMLINE

Physical processes associated with infiltration/percolation
and evapotranspiration are modeled instead of relying on
empirically based performance curves

ICPR Functionality | _________BMPs

Dry Retention, Exfiltration Trenches, Underground Storage,

Percolation & French Drain Links Treatment Swales, Pervious Pavement, Rain Gardens

Wet Detention Systems, Managed Aquatic Plant Systems
(MAPS), User Defined BMPs

Upflow Filtration Systems, Biofiltration Systems with BAM,
User Defined BMPs

Vegetated Natural Buffer, Vegetated Filter Strip, Green
Storage, Evapotranspiration & Irrigation  Roof/Cistern Systems, Stormwater & Rainwater Harvesting,
Interceptor Trees

Removal Efficiencies Specified at Nodes

Removal Efficiencies Specified at Links



Mapping | Tables Scenarios Regions Hydrology 1D Hydraulics Reference Elements

Water Quality 3

EMC LOOK-UP TABLE

Boundary Stage Sets...
External Hydrograph Sets...
Roughness Sets...

2D Groundwater v
Rainfall Excess Methods b
Impervious Sets...
Evapotranspiration b

CSV Import - Al...

CSV Export - All...

- EMC Constituent Set Data

Menu- B EEEE 2 2 %X |©

EMC Constituent Sets...

=+ EMC Constituent Set Data

Meu-| E W EE > 23RO

Constituent List ax

Constituent
=| EMC Constituent Set: EMC
TN

-

i

Constituent [TN
Irreducble Concentration |0

Irreducible Conc.

Default Concentration

Land Cover Zones ‘0

List of
Constituents in
“this” EMC “set”

Time/Stage Nodes |0

Initial Node Volume |0

Default Conc.

External Hydrographs ‘0

Base Flow |0

'EMC Constituent Set List

B X

MName

-

EMC1

EMC 2

EMC 3

Mame [EMC 1

Comment

7

Clone

Create

E:_ Constituent

|EMC Grid ax

+
Land Cover Zone EMC 1=

» 1100 1.645—
1110 2.07
1180 . | 1.645
1190 Concentrations (mg/l) | 1es
1200 2.07
1210 by Land Cover Zone 207
1290 2.07
1300 [ 2.32
1310 2.07
1320 2.32[~

3 EMC Constituent Set(s)

Set |Constituent

|1 EMC Constituent Set(s)




REFERENCING EMC LOOK-UP TABLE IN SIMULATION MANAGER

2D Features | Simulation Reports Window Help

Mame | 1996-2017-wg_no_re |

Simulation Manager...

3
General| Output Time Incremerfs Resources & Lookup Tables | ]olerances & Options

Simulation Execution. ..

Copy Resource Fies... ‘

Boundary Stage Set
External Hydrograph Set
Curve Number Set
Green-Ampt Set

Vertical Layers Set

Water quality calculations are
triggered by referencing an

EMC look-up table in the S ——

Simulation Manager Flble Porosty Set

Impervious Set

Roughness Set

Conductivity Set

Leakage Set

Lookup Tables

Calbrated

EMC Constituent Set

EMC1
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City of
Auburndale

INCORPORATED 1911

Special thanks to:

Drew Morson, PE.
Kevin Albrecht, PE.

Note: The photographs and construction plans for PK Avenue are courtesy of Chastain Skillman.
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Rain Garden / Bioswale
Example
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ICPR Model
Setup
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Manual Basin Data Form
Manual Basin Sub-Basin Edit B X
+ R XN R ER
Area Land Cover Zone | Soil Zone Rainfall Name Crop Coefficdent Zone | Reference ET Station

b 0.084642 RESIDEMNTIAL M... | 1425050 100837 GRASS 100837
0.14247 | TRAMSPORTATI... | 1425050 100837 GRASS 100837
0.015743 ﬂ\l GARDEM 1425060 1EIEIEIE'1 GRASS 100837 l

v Rainfall Resource v' Reference ET

v Impervious % Table
v' EMC Table

v" Green-Ampt Table

Files (NEXRAD)

Resource Files (USGS)

v Crop Coef Table (ET)

Total Area: 0.24286 ac (10,579 ft?)



Gray to Green — PK Ave -5 STREAMLINE

Node Data

Name |20 || Node paint Edit oR x|
Scenario |RJ5-IN GARDEM EXAMPLE j + ﬁ m FH 2B ﬁ a
Type |513gefnrea j Stage Area |
Base Flow |U | L jﬂalig gggi -
Initial Stage | 160 | 0.5 '
, , 160.75 .
i [T | = Rain Garden Storage
Alert Stage | 161.04 | i
1515 163.0
Comment |CLR: Stage-sreabasedon = 161.75
merged surface. Initial stage : 162.5
bazed on stage farea low |Nude External Hydrographs Grid
int. Warni t wei
o s |4 % N B 8 _—
roadway crown. | |Externalty... | Q )
S 161.5
©
=
_ Treatment Storage D 161.0 Overflow EI: 160.8 ft
Treatment Volume = Basin Area T 7
160.5 0.44” of runoff

384 ft3 e . 160.0
{ 10,579 ft2 :|L x 12in/fit=0.44In 0 2000 4000 6000 8000 10000

Storage (cubic feet)
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Percolation Link Data

92’

Mame |2CI—PEF'.C

Scenario |RAIN GARDEN EXAMPLE

From Mode |2l:l

To Mode |2CI—G'|.I'I.|'

Link Count |1

Flow Direction |Euﬂ1

/ Aguifer Base Elevation |98.2

Water Table Elevation |154.5

Annual Recharge Rate |U

Horizontal Conductivity |20

Vertical Conductivity |20

Fillable Porosity |0.2

|
-]
|
|
|
-]
|
|
|
|
|
|
|

Surface Area Option |'l.|'ar1]-I Based on StagefArea ... j

Vertical Flow Termination |Hnrizar113l Flowe Algaorithm j

Perimeter 1 |92 )

Perimeter 2 |92

Perimeter 3 |92 )

>

Distance P2 to P3 |570

#of CelsP1toP2 |6

|
|
|
|
Distance P1to P2 |30 |
|
|
|
|

#of Cells P2 to P3 |57

30’

570’

\ Layer Thickness | 5.5
—

from GeoTech Report

=T

REAMLINE
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Weir Cross Section Data

-

161.20

161.00

Elevation (ft)

160.80

20.00 30.00 40.00 50.00 60.00 70.00 &80.00 90.00

Station (ft)




WQ - Average Monthly Mass Summary [Basin: 20] [RAIN GARDEN EXAMPLE] [NEXRAD-1598_2017] [TSS]

Mass (Ibs)

15.00
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4.00

3.00—
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1.00—
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MONTHLY AVERAGES

TN = 3.14 # per year
TP = 0.44 # per year

ANNUAL TOTALS

Mass (Ibs)
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TOTAL
SUSPENDED SOLIDS
(1998 — 2017 SIMULATION)

| Mass Summary [Basin: 20] [RAIN GARDEN EXAMPLE] [NEXRAD-1998_2017] [TSS]

AVG ANNUAL = 81.4 # |

/

. — —

i | I |

1 | | 111
| B | | 1111
| B | P11 11111 il
i1 | P11 111111l
- i1 P11 11111111l
1111 irrT1i111r1i1r11i1l
1111 ri11111i1ririr1i1il
1111 Fr1 111 rrrrnrini
1111 ir1rri1i1iriririririi
1111 irrT1111riri1riii
1111 ir1T1i111ri1i111i1l
1111 Fr11111ri11i1il
1111 r1 1111 rrrnini
1111 P11 1111111 i1il
1111 i1 i1i1i1 11111l

1999 2001 2003 2005 2007 2009 2011 2013 2015 2017
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Sim: NEXRAD-1998_2017

16.00 o

INFLOW TO R.G.: 15.1 AF 0 - OUTLET
«» | REMOVAL EFFICIENCY: 88.7% — o
(13.4 / 15.1) = 0.887

[y
=
=
=

TO GWT: 13.4 AF

[=4] (==
= =
= =

Total Inflow Volume (ac_ft)
+=

TO SURFACE OUTLET: 1.7 AF

1/1/1997 1/1/1999 1/1/2001 1/1/2003 1/1/2005 1/1/2007 1/1/2009 1/1/2011 112013 1/1/2015 112017 112019
Absolute Time (date)
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Can we use a typical year rather than a 20-year simulation?

ANNUAL RAINFALL (IN)

70 1998 2003 201 1

Simulation Period Annual Removal Efficiency 60 48.0”
TSS (#)
AVG
1998 — 2017 81.41 88.7% N ‘ »

Total Suspended Solids

o

o

o

o

o

5
1998 78.20 89.3% 4
2003 76.98 92.3% 3
2008 73.23 86.0%
2
2011 78.91 88.1%
1

o

2010
2011
2015
2016

2009

2006 I :
1
2007 I :
1
1
| I\
—I
1
2012 :
2013 I — :

1998
1999
2000
2001
2002
2003
2004
2005

2008
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Exceedance Probability Chart
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Elev (ft)

161.00

160.90

160.80 == ———

160.70

160.60

160.50

160.40

160.30

160.20

160.10

160.00

\ 4
0.0a

Stage % Exceedance
Node: 20

overflow elevation = 160.8’

discharge
<1% of the time

10.00 20.00 30.00 40.00 50.00 60.00 70.00 80.00 go.00
Percentage of Time Elevation is Exceeded

100.00
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Pervious Pavers & Underground Storage
Example
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ICPR Model

\\.\\ 5
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D" CURB

MODIFIED TYPE

MODIFIED TYPE "D CURB
TO 24" DEPTH

70 24" DEPTH

POROUS PAVER PARKING —
MIN. 3 §" PAVERS

Average Width

SIDEWALK

/ ROADWAY

3" __ #89 STONE

36" WASHED #57
STONE AGG.

NATIVE SOIL

Paver Porosity

>

10%

NATIVE SOIL

X

™,

@

=
£y
O =
e
LR
SR%
=G

<

COMPACTED SUBGRADE MAX 82%-95%Z MODIFIED

PROCTOR (ASTM D—1557

) TO A MIN. DEPTH OF

A}

24")

Stone Porosity

40%
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Name |19 ||| Node paint Edit B8 x|
Scenario [POROUSPAVERSEXAMPLE - ||| o v B A - NOde Data
Type |513ge,.’.ﬁ.rea j Stage N |
Base Flow |0 )L 157.3 0.0091 =
160.3 0.0091
Initial Stage [157.3 | 160.31
Warning Stage | 160.81 | e Porous Pavers Storage
plert Stage [161.81 | o
161.25 165
Comment |3FT DEPTHOF COARSE = 161.5 164
GRAVEL WITH 40%
POROSITY |Nnde External Hydrographs Grid
0.5T THICK PAVERS AT Y e o = 163
9 162
= Overflow El: 160.8 ft
5161 b —— o+ ——F+——+—
8 6o 5.06” of runoff
Treatment Storage Q
Treatment Volume = : W e
Basin Area
158 3,369 ft3
3,369 ft? o - !
5 x 12 in/ft = 5.06 in
7,996 ft 0 2500 5,000 7,500 10,000 12,500 15,000 17,500 20,000 22,500
/ Effective Storage (cubic feet)

a lot of storage!!!
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Percolation Link Data

Mame

SCenario

From Mode

To Mode

Link Count

Flow Direction

Aquifer Base Elevation
Water Table Elevation
Annual Recharge Rate
Horizontal Conductivity
Vertical Conductivity
Fillable Porosity

Layer Thickness

19-PERC

POROUS PAVERS EXAMPLE -~

19

19-GW

Both =

98,2

154.3

Surface Area Option
Bottom Elevation

surface Area

User Specified

157.3

0.0221

-’

Vertical Flow Termination
Perimeter 1

Perimeter 2

Perimeter 3

Distance P1to P2
Distance P2 to P3

# of Cells P1to P2

#of Cells P2 to P3

Horizontal Flow Algorithm

93

98

93

30

570

=

aF
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v' “User Specified” option

v Elevation is at the bottom of the
stone

v" Surface area should not account for
porosity of stone, it should be the
area of the soil immediately below
the stone



Mass (Ibs)

| || | || | | | | | |

NN

Mass (Ibs)

MONTHLY AVERAGES

TN = 2.85 # per year

TP = 0.39 # per year
ANNUAL TOTALS
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TOTAL

SUSPENDED SOLIDS
(1998 — 2017 SIMULATION)

W0Q - Annual Mass Summary [Basin: 19] [POROUS PAVERS EXAMPLE] [NEXRAD-1998_2017] [TSS]

125
120

I | l I

15

10
105

AVG ANNUAL = 85.0 # |

100

/

95

20

/

85
80 -
75 -
pi
65—
60 -
55—
50 —
45
40 -
35—
30 -
25
20—
15
10 -]

1999

2009 2011 2013 2015 2017
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Sim: NEXRAD-1998_2017/

200 INFLOW TO R.G.: 12.1277 AF{H — 19
| REMOVAL EFFICIENCY: 19-GW
— 19-QUTLET

EI 10.00 99.9% — T
8 (12.1109 / 12.1277) = 0.999 A TOGWEA2.1109 AF
o 80 e
E .
S e ’ 11:00 PM
z — 19: 12.1276859504132
T 400 N 19-GW : 12.1109375
I | — 19-QUTLET : 0.0134909287409787
2 2.00

- TO SURFACE OUTLET: 0.0135 AF ®

1/1/1997 1/1/1999 1/1/2001 1/1/2003 1/1/2005 1/1/2007 1/1/2009 1/1/2011 1/1/2013 1/1/2015 1/1/2017  1f1/2019
Absolute Time (date)
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Putting the Pleces Together

P—— mpg— -
|
! ‘k —-—— e I

Raln Gardens I Bloswales

Pervuous Pavers ﬁ
Underground Storage
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Removal Efficiency Evaluation Locations
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Location Cumulative Runoff | Volume Arriving at | Removal Efficiency
(AF) Node (AF)

17.12 10.01 42%
1B 35.04 27.53 21%
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Location Cumulative Runoff | Volume Arriving at | Removal Efficiency
(AF) Node (AF)

73.87 51.28 31%
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Location Cumulative Runoff | Volume Arriving at | Removal Efficiency
(AF) Node (AF)
3

87.28 61.45 30%
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Location Cumulative Runoff | Volume Arriving at | Removal Efficiency
(AF) Node (AF)

93.17 62.72 33%
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Location Cumulative Runoff | Volume Arriving at | Removal Efficiency
(AF) Node (AF)

5 161.60 106.81 34%

Stage % Exceedance
Node: 54

overflow elevation = 144.0’

~ 4% of the time

20,00 30.00 40.00 50.00 60.00 70.00 80.00 50.00

Percentage of Time Elevation is Exceeded
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Cumulative Removal Efficiencies

L,
\'\ %
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Let’s Not Forget About the Hydraulics

water surface profiles along storm sewer trunkline

Storm Date: September 27, 2011

T 2 “ @ w mod om ©oon © i @ @ 0w Y 2 0 m W oM m ook t; w0 ) @il @ moow g
1 10
» 1:00 PM ; » 3:00 PM ;
i . . . . e b Tid . . . . - ] I
161 L - - — 161 = = Coul
B p———— - - — ——— 1=

il i} RET) L L[ ¥ EET) Er i 1 a il -1 e L A ¥ EET) T 1111

nloAsT Al s it SAPT AN SETON o

il i} RET) L L[ ¥ EET) Er i ! a il -1 e L A ¥ EET) T 1111

LT FEF A0 it S APT AMLSERIMT o



Summary | <=5 STREAMLINE

« WQ Module Design Strategy

EMCs

Initial, Irreducible & Boundary Concentrations
Integrated WQ & Hydraulics

Perc & GW Mounding Included

Removal Efficiencies at Basins, Nodes & Links

 Gray to Green — PK Avenue (Auburndale, FL)

v" Rain Garden / Bioswale

= 88.7% removal efficiency with 0.44” storage
v" Pervious Parking with Underground Storage

= 99.9% removal efficiency with 5.04” storage
v" Putting the Pieces Together

= 34.0% system-wide removal efficiency
v" System Hydraulics

DN NI NI NN



Questions?

Gray to Green with ICPR

Pete Singhofen, PE
psinghofen@icprd4.com




	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36

